Abstract This paper describes how we used Facebook as a discussion tool in the instruction of a principles level economics course and reports empirical estimates of the affect of that use on learning outcomes. Social media as a tool for promoting classroom discussion has advantages and disadvantages. For example, its omnipresence and flat learning curve can promote academic discourse. However social media can promote nonacademic "chatting", and its omnipresence means the user needs more than a passing knowledge of the privacy settings to have control of their "digital identity". For a Principles of Microeconomics taught in 2011 we collected data, with permission from our institution's Institutional Review Board, on student use of Facebook, academic and demographic characteristics, learning style preferences and learning outcomes. Our research hypothesis is that an empirical analysis will find a positive correlation between student in-class use of Facebook and learning outcomes. Among our findings are that students should receive more coaching on the use of privacy settings, and qualified evidence that there is a positive net effect on learning outcomes of using Facebook as a discussion tool.
everyday use; hence their use in the classroom does not force students into an additional electronic portal that they would not naturally use.
Facebook has much to recommend it as an instructional tool for student/faculty communication Bosch (2009) . First, for almost all students there is no learning curve. Students, with few exceptions, know how to use Facebook and have an account. Thus there is no need for the instructor to write up an instruction sheet. Students already book mark these sites, or have applications (apps) installed on their mobile devices. Instructors, however, may experience a learning curve. Our paper seeks to make that curve less steep. Second, the messages, once sent, are read and responded to in a timely manner. This result is facilitated by the student behavior of constantly checking their Facebook accounts, and because notification of posts are pushed to their email accounts. This is not a behavior usually attributed to the standard LMS.
When using Facebook for instructional purposes, thought should be given to the settings of the privacy controls. This includes informing users of the optimal privacy settings, as students tend to overlook these settings. On the instructor side we recommend creating a group as a secret Facebook group, which adds a protective layer approaching that of the standard LM system. Also we recommend adding students to the group as "members," not as "friends,". In this way the student privacy settings restrict the instructor to the student profile to the more restrictive "public" instead of the less restrictive "friend,". This approach addresses the "creepy tree house" downside of using social media in an instructional setting described by (McBride 2008) .
Studies of the use of Facebook in an educational setting report mixed results. (Kirschner and Karpinski 2010) and (Junco 2012) report that increased time spent on Facebook is associated with reduced learning outcomes. On the other hand, (Pellizzari 2012 ) reports a positive association of Facebook usage and learning outcomes.
Using Facebook (FB) as a Discussion Forum
In this study, weekly discussion and class Q/A is conducted in a secret Facebook group for each section with students added as group members (not as friends). A discussion thread is initiated each week and a portion of the student grade is based on weekly contributions to the thread. The contributions could be in the form of posing a course related question, responding to a posted question, posting and describing a link to relevant material, or commenting on the linked material. The mobile app feature of Facebook facilitates a 24/7 lively and productive discussion, and helps create a shared community experience of helpful assistance and a thoughtful exchange of viewpoints for the participants.
Privacy Settings
As we become more integrated via the social electronic media, so does the importance of our identity on the Internet. In a social networking site there is a very obvious portrayal of self and users should perform "hygiene" over their medium identity as they do on their person. Because their identity in the form of a Facebook profile is out for the world to see, students need to be cognizant that various employers, teachers, colleagues, etc. could examine the identity. While there is not anything necessarily wrong O.R. Harmon et al. with not keeping one's personal information privy, it does potentially expose one to issues down the road, namely decisions by a future boss (Chang 2008) . In fact, according to a CareerBuilder.com survey, 37 % of employers examine a job candidate's Facebook profile before hiring (Haefner 2012) .
To assess student awareness of privacy controls in Facebook, we surveyed the Facebook pages of students enrolled in a Principles of Microeconomics course in Fall 2011 and Winter 2012. The results of the tabulation are shown in Table 1 .
The table summarizes student usage of privacy settings for five Facebook tools. The privacy settings are equal to 0 if the setting restricts access to only friends, and equal to 1 if the setting allows all visitors to view the tool. A mean close to 0 indicates a stricter setting than a mean close to 1. Given best practice recommendations, the better privacy setting is on the stricter side, ideally preventing people without "friend" status from viewing the (1), (2), (3), or (4) categories, since these are potentially very personal. However, from our data set, more than 25 % of students had their pictures available for anyone to view (category #1). Nearly 53 % let any user see category (2), which often shows personal conversations with friends, activities recently performed, and narrated thoughts of the user, and over 83 % of students had their personal information (category #4) freely available on the web. These findings show that very few of the students in this sample are tightly protecting themselves and are consistent with (Bosch 2009 ).
The results suggest the need to include in introductory materials for using Facebook information about the importance of the privacy settings. (Munoz and Towner 2009 ) has a good discussion of recommended privacy settings.
How to Create and Moderate Threaded Discussions in FB
We create the discussion board in Facebook as a closed group. To complete the process of creating a closed group the moderator has to invite a "friend" to join. We use a "John Doe" friend account for this purpose. Students are invited to join as members and the administrator does not accept "friend" requests. In the group settings, the options to allow only the administrator to create threads and to send push notification to members are selected. After all the students are signed in as members the group status is changed from "closed" to "secret".
The moderator starts the weekly discussion thread with a post, and students post comments to the thread. To post a link just paste the URL in a comment and Facebook automatically generates the code for a hyper link. Readings that are on the web can easily be linked to as well as ones that are password protected. With password protected Another idea we use is to have a menu of discussion activities for the student to choose from. Some students like to answer questions, others like to ask them. Some students learn from video explanations, others like written explanations, still others like graphical expositions. In this approach we give many points for activities, say a possible 300, and let the student choose the preferred activities that will total a maximum of 100. Here is an example list of possible activities: posting a question, posting an answer, posting and describing a link to a resource that clarifies the material, and reporting typos in the lecture notes. These activities can be done multiple times. The activities can also be graded for performance. Simply describing the value of a link can be 25 points, or the moderator can evaluate the quality of the link description and assign less than 25 points. A well-known problem is that of posting at the last minute. So the point value can be increased by 25 % by a cutoff date to encourage early posting.
Navigation of the Threads
The thread most recently posted to always appears at the top of the wall. Sometimes students are catching up and post to threads from a couple weeks prior, so to offset that the instructor can post a "bump" to the thread that they want at top, and then delete the "bump" post to clear the thread of this book keeping activity. On the other hand, there may be occasions when the instructor has reason to bring a past thread to the class's attention. To search for that thread the key strokes of "crtl" and "F" will bring up a search box, and entering the appropriate phrase will bring up the sought for thread.
Examples of Learner Engagement
The below exchange is an example that illustrates levels of learner engagement by the speed of response, and peer-to-peer learning. The example is a transcript of the exchange in a thread on a Facebook wall for one of the Econ 1201 courses included in this study.
& Student 1: for number 7 on Aplia how do we know what is the most likely long run supply? (9/12 at 9:00 pm) & Student 2: for question fourteen I am confused because I am coming up with a positive number (9/12 at 9:03 pm) & Student 3: (responding to Student 2) I have a similar problem when calculating, but just do the quantity of one divided by the price of the other. The price of ice cream is positive and the quantity of syrup drops and is negative, therefore it is negative, and complements. Think it through logically to check. Would it make sense for them to be substitutes? They are complements since when one price goes up, the quantity of the other goes down. (9/12 at 9:05 pm) & Student 4: (responding to student 1) the elasticity of supply is typically greater the longer the period of adjustment, so the curve should reflect that when you calculate the elasticity. For this problem, you will see that the longer the period of time that passes the greater the ability to increase the quantity supplied in response to a higher price. (9/12 at 9:05 pm) & Student 1: (responding to student 4) thank you! (9/12 at 9:08 pm) O.R. Harmon et al. Also, on the Facebook wall the engagement level can be apparent by the number of "likes" for a post, in the number of "comments" to a thread, and finally, in the number "Ha Ha" and "LOL" and "(: Thx" posted within a thread. Anecdotally, we have noted many students became "friends" during the class, and many set up study groups.
Facebook for most students has no learning curve. But it can be a problem for the older student less used to social media. Be prepared for a small minority of older adults that would prefer not to use Facebook. One may feel inclined to make an accommodation using a combination of private email and announcements.
Data
Data were collected from three sections of a course in Principles of Microeconomics taught by the same instructor in Fall 2011. Participating students signed a consent form, approved by our Institutional Review Board, allowing these data to be used for research purposes. Descriptive statistics for learning outcomes and student academic, demographic and learning style characteristics are shown in Table 2 . The four variables for class rank are indicator variables. The class rank of the students was comprised of predominately freshman and sophomores (68 %), and 42 % of the students were female. The student majors were comprised of 55 % economics or business, and 21 % math or sciences. Fifty percent of the students held jobs and worked on average 12.75 h a week. The average Math SAT score was 583, and Verbal was 535. Average GPA entering the course was 3.08. The average final exam score, which is used as the (Boatman et al. 2008; Borg and Shapiro 1996; Charkins et al. 1985; Durham et al. 2007; Emerson and Taylor 2007) . The VARK survey of student learning style preferences was used because its four categories of learning are directly applicable to course design issues addressed by instructors of principles of economics classes (Boatman et al. 2008) . The VARK survey assigns preferences for learning style modalities based on student responses to 16 questions. The four learning style modalities are Auditory, Read/Write, Visual, and Kinesthetic. Auditory is described as a preference for learning from information that is "heard or spoken"; Visual is described as a preference for learning from information that is presented in graphs, charts, and diagrams; Read/Write is described as a preference for learning from information that is "displayed as words"; and Kinesthetic is described as a preference for learning by doing (VARK 2013). Students are characterized as having a dominant learning style if the responses are skewed to one modality, or are characterized as having a mix of learning styles if the responses are distributed across two, three or four of the modalities. Based on the student responses we constructed the indicator variable "Learning Style Email". By the reasoning that Auditory learners prefer learning by conversation, and because Facebook has a conversational flavor to it, "Learning Style Email" was assigned the value of "1" if the student has a predominant preference for Auditory, or a preference for a mix of 2 modalities where Auditory is one of the modalities. Based on this definition, 15 % of the students in the sample were assigned the value of one for the variable "Learning Style Email". Table 2 reports the average number of posts per discussion thread. The average student made 11 posts per discussion thread. About 8 of these posts had substantial content (i.e. more that the conversational comments such as "Thank you" and "LOL". Posts were grouped into 3 categories. "Posts of an answer" were most frequent (58 %) followed by "posts of a question" (37 %), and the remainder was "posts with links" (5 %). The former category has the lowest frequency. A possible explanation is that though posting links in a Facebook thread is mechanically quite simple, the linked resource had to be located and described, which is more involved.
Empirical Model
Because we are interested in how participation in the Facebook discussion activity affected learning outcomes, as a first cut we estimated a model that has a focus on variables related to discussion activity:
where y i is final exam score, x 1i is participation in discussion, x 2i is propensity for participation in discussion," i" is the i th student, ε i is the error term, and N is the total number of students. As in many other studies, final exam score is used as the measure of learning outcome ( Table 3 ). The variables used to measure propensity for participation in discussion are average score on the weekly homework assignments in Aplia and a learning style measure. On the reasoning that students are more likely to participate because they have more knowledge about the topic of the thread, we chose the average score on the weekly homework assignments in Aplia. On the reasoning that participation may depend on preferences and skills, we chose a measure based on learning style preferences. As explained above, from the responses to the VARK survey we constructed the indicator variable "Learning Style Email "as a measure of the propensity to participate in the discussion activity.
Because our course has 3 hourly exams, and the weekly discussion threads and homework assignments are uniquely tied to each of the 3 hourly exams, the data can also be viewed as a panel. Using the panel we can test whether the effect of discussion on hourly exam scores varies systematically over the semester. Specifically we use the data arrayed as a panel to test whether the effect of a student's increased experience in using the discussion board over the semester is reflected in their hourly exam score. For this purpose we created a panel based on each of the three hourly exams and the usage measures for participation in the discussion threads that correspond to each of the exams.
Following (Stanca 2010 ) the panel data were modeled as:
where y it is hourly exam score, x 1it is participation in discussion, x 2it is propensity for participation in discussion," i" is the i th student," t" is the t th hourly exam, ε it is the error term, N is the total number of students, and T is the total number of hourly exams.
Results and Discussion
The estimates of the first empirical model are reported in Table 4 . The first column reports the estimates for the model with measures of participation in the discussion forum and measures of the propensity to participate. The number of observations with valid responses is 70 and the adjusted R 2 0.28. The coefficients of the first three variables measuring participation: posts, posts with substantial content, and posts with links, are not statistically O.R. Harmon et al. significant at the 10 % level. However, the coefficient of the variable "posts of a question" is positive and statistically significant at the 10 % level, and the coefficient of the variable "posts of an answer" is positive and statistically significant at the 5 % level. The two variables measuring propensity to participate are "average score on all Aplia HW" and "learning style email". The coefficient of the former is positive and statistically significant at the 5 % level and the coefficient of the latter is statistically insignificant at the 10 % level. Column 2 of Table 4 displays estimates for a model that includes the variables in the column 1 model and adds additional variables to control for student academic and demographic characteristics. As compared to the column 1 model results, the number of observations with valid responses dropped to 54, because some observations did not include complete information (the largest number of which are students that took the ACT instead of the SAT exams) and the adjusted R 2 rose to 0.59. The results for the estimated coefficients in the column 1 model are not substantially affected. As in the column 1 model, the coefficients of the first three variables measuring participation are not statistically significant at the 10 % level. As in the column 1 model, the coefficient of the variable "posts of a question" remains positive, but the level of statistical significant increased to the 5 % level, and the coefficient of the variable "posts of an answer" remains positive and statistically significant at the 5 % level. The results for the two variables measuring propensity to participate are unchanged from the first model.
Using the panel based on each of the three hourly exams and the corresponding measures of discussion participation, we estimated model 2 for each of the three hourly exams. The OLS estimation results are reported in Table 5 . The adjusted R 2 statistic for the regression models range from 0.11 for exam 2, to 0.48 and .35 for exams 1 and 3, respectively. For exam 1 and exam 2 the estimated coefficients of the five variables for participation in the discussion forum are consistently statistically insignificant at the 10 % level. For exam 3, however, the estimated coefficients of four of the five variables for participation are statistically significant at the 5 % level. This is consistent with the explanation that using the discussion forum in a way to have a significant impact on learning outcomes takes time because of the time it takes time to become accustomed to how the forum works and time to build up relationships and a sense of community.
The coefficient of the variable "posts with substantial content" is negative (12.21) and statistically significant at the 5 % level. An interpretation is that frequent posting to the discussion forum is a sign that the student is distracted from the course content and hence the frequency of conversation on the forum is negatively influencing their learning, at least as measured by the exam assessment instrument. This result is consistent with the negative correlation between GPAs and Facebook usage reported in (Kirschner and Karpinski 2010) . They found that frequent Facebook users tend to be social extroverts engaged in extracurricular activities, and academics are of lower priority for them than for non-Facebook users. Similarly, (Junco 2012) a report that time spent on Facebook "chatting" is negatively related to time spent preparing for class.
The coefficients of the variables "posts with links", "posts of a question", and "posts of an answer" are positive (34.23, 17.89, and 17.07, respectively) and statistically significant at the 5 % level. For each the numerical effect is larger in absolute value that the negative effect of the estimated coefficient of "posts with substantial content" (12.21 ). An interpretation is that by the last third of the semester students had developed ways to use Facebook discussion to enhance their learning outcomes, at least as measured by the exam assessment instrument. These positive coefficients are consistent with the positive association reported in Pellizzari (2012) . The estimated coefficient of "posts with links" (34.23) is numerical greater that "posts of a question" (17.89). The former activity involves a relatively more complex activity of searching the Internet for a useful educational resource and then describing how it is useful to understanding the course material. The latter activity is a relatively simpler task of posing a question. Both results are suggestive that time spent on very focused activities have a larger impact, in absolute value, on learning outcomes than time spent in less focused "chatting".
Summary
Facebook has many advantages to recommend its use as a discussion forum for academic instruction. Among the advantages are that all students, with few exceptions, have a Facebook account and know how to use it, and Facebook users have easy and frequent access through apps installed on their mobile devices.
Using Facebook in an academic setting can have disadvantages. Some instructors may experience a steep learning curve. Our paper seeks to flatten that curve. We explain the "how to" of creating discussion threads on a secret group wall. We show how the discussion thread on the group wall allows the instructor to have the posts easily grouped and allows easy access to review and evaluate student contributions to the discussion topic. Also, when using Facebook for instructional purposes, students should be coached on the appropriate settings for the privacy controls. Best practice suggests that the privacy setting for items with high personal information content such as discussion on the wall and the personal information tab be set for viewing by "friends only". However our data show that more than 50 % of the student respondents do not invoke this privacy setting. Overall our empirical estimates provide cautious support for the hypothesis that active participation in the discussion board has a positive effect on exam score at a statistically significant level. The OLS estimates of the effect of posts related to question and answer dialogue show a positive impact on the cumulative final exam score at a 5 % level of statistical significance. This result is consistent with the view of that using Facebook in academic instruction can be an effective tool for assisting the average student to resolve questions about the course material and for promoting peerto-peer learning. An analysis of Facebook usage over the semester shows that the positive effect does not take hold immediately. In our data the positive effects were only exhibited in the last third of the semester. This finding suggests a need for upfront coaching of how to participate in, and benefit from the discussion. A disconcerting finding reported for the last third of the semester was that a high volume of posting was negatively associated with the hourly exam scores. This finding is consistent with the behavior of general "chatting" distracting students from studying. Though the numerical effect was smaller in absolute value that the other positive effects, it is a reason to coach students to focus on the academic purpose of the discussion forum.
The findings are suggestive of both the promise and peril of using social media in the academic classroom. The sample size of this study is relatively small and further research with larger samples is needed to determine if these findings will hold up in different institutional settings of higher education.
